predominantly awake for several hours. Since S and SD rats were sacrificed at the same time of day but in opposite behavioral state, and since SD and W rats were sacrificed 12 hr apart but in the same behavioral state, day/night and sleep/wakefulness effects could be dissociated.
Microarray Analysis Is Validated through Positive
Controls and Quantitative PCR Total RNA extracted from the cerebral cortex of S, SD, and W rats (n ϭ 6 rats/group) was analyzed using the full set of Affymetrix high-density oligonucleotide arrays (GeneChips RGU34 A, B, and C) to screen for the expression of more than 7,000 annotated sequences and 17,000 expressed sequence tags (ESTs). The analysis was performed using a set of statistical and empirical parameters aimed at minimizing the total number of differentially expressed transcripts while maximizing the number of positive controls (MicroArray Suite 5.0, Affymetrix; see also Experimental Procedures). For any Discrete Bayesian Approach (DBA, SBI-Moldyn, Inc.) was also used as an independent method for the identification of wakefulness-related transcripts. DBA, which usual waking period ( Figure 1A ). As expected, the electrocorticogram (EEG) of awake rats (W and SD groups) is based on Bayesian nonlinear statistical analysis and extensive Monte Carlo crossvalidation, confirmed Ͼ90% was characterized by low-voltage/high-frequency patterns. By contrast, the EEG of S rats was dominated by of the wakefulness-related genes identified by MicroArray Suite 5.0 (DBA analysis was performed on Genehigher voltages/lower frequencies (slow wave activity, Figure 1A ) and characteristic sleep rhythms such as Chip U34A only). To validate the microarray results and control for biospindles and slow waves ( Figure 1B) . Percentages of behavioral states (mean Ϯ SEM) for the last 8 hr before logical variability, we first examined positive controls, defined as those behavioral state-related transcripts sacrifice were as follows: S rats, wakefulness ϭ 23.4 Ϯ 1.4, NREM sleep ϭ 60.7 Ϯ 1.2, REM sleep ϭ 15.9 Ϯ 0.7; that had been identified in previous reports (Cirelli, 2002) using differential display, in situ hybridization, and quan-SD rats, wakefulness ϭ 95.9 Ϯ 0.4, NREM sleep ϭ 4.1 Ϯ 0.4, REM sleep ϭ 0.0 Ϯ 0.0; W rats, wakefulness ϭ titative PCR (qPCR) on independent sets of S, SD, and W rats. Of the 43 previously identified positive controls, 75.8 Ϯ 3.2, NREM sleep ϭ 20.3 Ϯ 2.6, REM sleep ϭ 3.9 Ϯ 0.8. Thus, at the time of sacrifice, S rats had been 25 were represented on the chips and the expression of 19 of them (76%) was confirmed as state dependent predominantly asleep, while W and SD rats had been according to our microarray analysis. They included 1 sleep-related gene (AI013911) and 24 wakefulnessrelated genes (e.g., those coding for Fos, Arc, BDNF, BiP, arylsulfotransferase, mitochondrial proteins, and heat shock proteins). The amplitude change for confirmed positive controls ranged between 25% and 300%. Second, we used real-time qPCR on 3 independent groups of S, SD, and W rats (n ϭ 4 rats/group) to evaluate the expression of 52 additional transcripts (not corresponding to positive controls) identified by the microarray analysis as "increased in S rats," "increased in W and SD rats," "increased in W rats," or "not changing." Since the positive controls were almost all upregulated during wakefulness, we focused on transcripts upregulated during sleep. In 41/52 cases (S, 32/40; SD and W, 2/2; W, 1/1; not changing, 6/9), qPCR expression analysis A first category of genes whose mRNA levels were unfolded protein response in the endoplasmic reticulum (BiP, Grp94). Cerebellar transcript levels of PEK, the increased during wakefulness included mitochondrial genes involved in oxidative phosphorylation and the gene encoding the EIF2a kinase that mediates the inhibition of protein synthesis during the unfolded protein main astroglial glucose transporter (GLUT1 (Cameron et al., 1995) .
Other genes with higher mRNA levels during wakereceptor, and amphiphysin II, which have been associated with synaptic depression and depotentiation, as fulness were those involved in the synthesis of the excitatory neurotransmitter glutamate from glutamine (glutawell as NCS-1, Dpp6, Ash/GRB2, the gene coding for the phosphatidylinositol 3-kinase p55 regulatory submine synthase, glutaminase) and in the clustering of glutamatergic receptors (Homer/Vesl, Narp). By contrast, unit, and protein kinase C--interacting protein (ZIP). phase. Since we found no evidence that transcripts related to cholesterol synthesis and membrane trafficking of the translational machinery, such as the eukaryotic translation elongation factor 2 and the initiation factor were modulated by day and night independently of behavioral state (data not shown), it may be that sleep 4AII. These findings offer molecular support for the observation that brain protein synthesis, as measured by provides especially favorable conditions for these cellular processes. Sleep is especially abundant early in life, leucine incorporation in both rats and monkeys, is increased during NREM sleep (Ramm and Smith, 1990;  at a time in which synaptogenesis and myelinization are prominent, and it appears to be important for circuit Nakanishi et al., 1997 
Is Brain Specific
Second, the finding that molecular correlates of sleep Since sleep is thought to be "by the brain and for the and wakefulness are found in the cerebellum indicate brain" (Horne, 1988; Hobson, 1989) , it is important to that cellular processes associated with sleep may occur determine to what extent sleep-related changes in gene in brain structures that are not known for generating expression are specific to the neural tissue. For this sleep rhythms. This suggests that, at the cellular level, purpose, we used qPCR to examine the expression of functions associated with sleep may take place whether brain sleep-related genes in liver and skeletal muscle or not electrographic signs of sleep can be recorded. of S, SD, and W rats (n ϭ 6 rats/group). Measured tranSeveral mechanisms could explain these molecular scripts, selected to be representative of all the major changes. For example, cerebellar neurons could unfunctional categories of sleep-related genes, were those dergo slow oscillations characteristic of sleep, even if coding for Dbp, NF1-X1, eukaryotic translation elongasuch oscillations may not synchronize on a large scale tion factor 2, calcineurin, squalene synthase, NSF, ARF1, due to the absence of associative fibers. Alternatively, ARF3, and glutathione S-transferase. We found that oscillations of membrane potential may be imposed none of these transcripts showed a sleep-related inonto cerebellar neurons through indirect cortico-cerecrease in expression in the liver or skeletal muscle. In bellar connections. Molecular changes associated with the liver, all brain sleep-related transcripts were exsleep and wakefulness could also result from the action pressed at higher levels in SD and W rats relative to S of neuromodulatory systems whose firing rate is state rats (mean % increase in SD, W rats relative to S rats: dependent. Dbp ϭ 331, NF1-X1 ϭ 627, eukaryotic translation elonThird, the present results demonstrate that, although gation factor 2 ϭ 1028, calcineurin ϭ 602, squalene sleep is a state of behavioral inactivity, it is associated synthase ϭ 1201, NSF ϭ 9313, ARF1 ϭ 308, ARF3 ϭ with the increased expression of many genes in the 684, glutathione S-transferase ϭ 1369). Two brain wakebrain. Indeed, the number of known genes whose exfulness-related genes coding for Per2 and minoxidil sulpression in the brain increases during sleep is roughly fotransferase were also examined and showed a similar the same as the number of genes whose expression rise in awake animals (mean % increase in SD, W rats increases during wakefulness. Moreover, the increased relative to S rats ϭ 1037 and 290, respectively). 
